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FOREWORD 
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SECTION  1.  INTRODUCTION 


1 . 1  BACKGROUND 

The  US  Army  initiated  research  on  silicone  brake  fluids  in  1967.  Satis¬ 
factory  completion  of  a  large  number  of  laboratory  and  field  tests  (reported 
in  ref  2  and  3)  showed  that  the  silicone  fluids  possessed  many  desirable 
physical  and  chemical  properties  with  respect  to  power  transmission  in  brake 
systems.  Subsequently,  a  specification  was  published  (ref  4)  which  replaced 
the  three  existing  military  brake  fluid  specifications  (ref  5,  6,  7).  Cost 
effectiveness  studies  showed  that  replacement  of  the  three  conventional  brake 
fluids  with  a  single  all  purpose  fluid  would  be  feasible.  This  also  permitted 
simplification  of  logistics. 

A  retrofit  procedure  for  implementing  the  use  of  silicone  fluid  (ref  8) 
involves  a  drain/bleed/fill  procedure  which  often  allows  the  retention  of  some 
residual  conventional  brake  fluid  in  the  brake  system.  Potential  corrosion  of 
metal  brake  components  exists  due  to  possible  brake  fluid  corrosion  inhibitor 
incompatibility.  In  order  to  resolve  this  possible  area  of  concern,  an  in-depth 
study  of  corrosion  properties  of  mixtures  of  silicone  and  conventional  brake 
fluids  was  authorized  by  the  Department  of  the  Army's  In-House  Laboratory 
Independent  Research  Program.  Results  of  this  study  will  aid  brake  system 
engineers  in  their  evaluation  of  the  performance  of  the  new  silicone  brake 
fluids,  and  establish  the  viability  of  the  published  retrofit  procedure. 


1 . 2  OBJECTIVE 

The  objective  of  this  study  was  to  locate  possible  problem  areas  which 
may  arise  as  a  result  of  mixing  silicone  and  conventional  brake  fluids. 


1.3  SUMMARY  OF  INVESTIGATION 

More  than  100  corrosion  tests  were  conducted  in  accordance  with  procedures 
outlined  in  references  4  and  5,  using  combinations  of  four  different  silicone  brak 
fluids  and  three  representative  conventional  brake  fluids.  This  report  contains 
the  results  of  all  findings  included  in  the  study. 


1.4  CONCLUSIONS 

It  is  concluded  that: 

a.  There  will  be  no  excessive  corrosion  of  brake  systems  brought  about 
by  mixing  silicone  brake  fluids  and  polyglycol  brake  fluids. 

b.  Instances  of  increased  staining,  slight  etching,  and  weight  change 
were  found.  These  conditions  verify  that  corrosion  inhibitor  migration  some¬ 
times  occurs,  but  the  loss  in  corrosion  protection  found  in  this  study  is  not 
of  sufficient  magnitude  to  cause  brake  failure. 

c.  Rubber  cups  which  were  included  in  the  test  were  not  adversely  affected. 
There  was  only  a  trace  of  sediment  found  in  two  of  the  test  fluids. 
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1 . 5  RECOMMENDATIONS 


It  is  recommended  that: 

a.  The  findings  of  this  report  be  made  readily  available  to  members  of 
the  vehicle  brake  industry. 

b.  Mixing  of  fluids  be  minimized  so  that  corrosion  protection  will  be 
at  the  maximum  level. 


1.6  INTERPRETATION  OF  ACCOMPLISHMENTS 

The  data  generated  in  this  study  substantiates  the  viability  of  military 
changeover  from  polyglycol  brake  fluids  to  silicone  brake  fluids.  All  testing 
accomplished  by  the  Army  to  date  shows  conclusively  that  the  advantages  of 
silicone  fluids  are  significant.  There  appears  to  be  no  valid  technical  reason 
to  believe  that  silicone  brake  fluids  will  not  give  superior  performance  in 
military  brake  systems. 


SECTION  2.  DETAILS  OF  1 NV ES TJOATI u.N 
2.1  MATERIALS  TESTED 

Tests  reported  herein  were  conducted  on  representative  silicone  and 
conventional  brake  fluids  listed  in  table  2-1.  Four  silicone  brake  fluids 
were  used  representing  qualified  fluids  from  three  silicone  fluid  manufacturers 
plus  the  SAE  silicone  compatibility  brake  fluid  (SAE  RM-70A) .  Three  conven¬ 
tional  fluids  were  used  consisting  of  two  fluids  meeting  reference  5,  and  the 
SAE  conventional  compatibility  fluid  (SAE  RM  66-03) . 


TABLE  2-1. 
Fluids 


Code  A 
Code  B 
Code  C 
SAE  RM-70A 
SAE  RM  66-03 

M9309 

Code  D 


FLUIDS  TESTED 

_ _ Type  _ 

Silicone 

Silicone 

Silicone 

Silicone 

Conventional 

polyglycol 

Conventional 

polyglycol 

Conventional 

polyglycol 


2.2  CORROSION  TESTS 

a.  Corrosion  tests  were  conducted  on  each  of  the  conventional  polyglycol 
fluids  in  accordance  with  the  test  procedure  specified  in  reference  5.  Corro¬ 
sion  tests  were  conducted  on  each  silicone  fluid  in  accordance  with  the  test 
procedure  specified  in  reference  4.  Due  to  the  immiscibility  of  silicone/ 
conventional  brake  fluids  it  was  necessary  to  develop  a  modified  test  procedure 
for  fluid  mixtures  which  would  permit  uniform  exposure  of  the  metal  test  speci¬ 
mens  to  each  fluid.  This  procedure  consisted  of  mixing  equal  portions  of  the 
silicone  fluid  and  the  conventional  fluid  with  5%  water  added^  thoroughly 
shaking  the  mixture  and  placing  the  mixture  in  an  oven  at  100°  C  for  24  hours. 
The  mixture  was  then  shaken  again  and  poured  into  a  separatory  funnel  and 
allowed  to  separate.  The  separated  layers  were  placed  in  separate  corrosion 
jars.  The  corrosion  test  was  then  conducted  on  both  fluids  by  the  specified 
test  procedure. 

b.  The  tests  which  were  conducted  are  itemized  in  table  2-2. 

c.  In  each  test  evidence  of  corrosion,  weight  change,  pH  change,  sediment 
formation,  and  other  pertinent  data  were  recorded.  All  tests  were  conducted 

in  triplicate  and  the  average  of  the  three  test  results  are  reported  herein. 

A  comparison  was  made  of  the  results  received  on  the  individual  fluids  and  the 
fluids  after  mixing. 


% 
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TABLE  2-2.  TESTS  CONDUCTED 


Test 


A 

B 

C 

D 

E 

F 

G 


Mixture 

No. 

1 

Mixture 

No. 

2 

Mixture 

No. 

3 

Mixture 

No. 

4 

Mixture 

No. 

5 

Mixture 

No. 

6 

Mixture 

No. 

7 

Mixture 

No. 

8 

Mixture 

No. 

9 

Mixture 

No. 

10 

Mixture 

No. 

11 

Mixture 

No. 

12 

Fluid 


SAE  Rll  66-03 
SAE  RM  70A 
Code  A 
Code  B 
Code  C 
M9309 
Code  D 

RM  66-03 /RM  70A 
RM  66-03/Code  A 
RM  66-03/Code  B 
RM  66-03 /Code  C 
M9309/RM  70A 
M9309/Code  A 
M9309/Code  C 
M9309/Code  B 
Code  D/Code  C 
Code  D/Code  B 
Code  D/Code  A 
Code  D/RM  70A 


2 . 3  RESULTS 

Results  of  all  tests  conducted  in  this  program  are  tabulated  in  appendix  A. 

a.  Effect  on  RM  66-03  (conventional).  Results  of  tests  on  RM  66-03  showed 
increased  staining  on  nearly  every  metal,  after  mixing  with  silicone  fluids. 

Some  etching  was  evident  on  the  aluminum  (1  test),  cast  iron  (1  test),  and 
steel  (1  test)  test  specimens.  Staining  or  etching  was  not  severe  in  any  of 
the  tests.  No  pitting  occurred.  Weight  losses  increased  on  the  brass  and 
copper  in  some  tests  but  these  weight  changes  were  not  excessive. 

b.  Effect  on  M9309  (conventional).  Only  a  very  slight  increase  in 
staining  was  evident  on  any  of  the  metals  in  tests  involving  mixtures  of  this 
fluid  and  the  silicone  fluids.  Etching  of  the  tin  and  aluminum  was  found  in 
mixture  No.  6  (M9309/Code  A),  along  with  borderline  weight  loss  in  the  brass 
and  copper.  No  pitting  was  evident. 

c.  Effect  on  Code  D  (conventional).  This  fluid  showed  very  little  change 
in  appearance  or  weight  in  any  of  the  tests.  The  only  recordable  changes  were 

a  slight  increase  in  staining  on  the  brass  specimen  in  two  tests  and  very  slight 
etching  of  the  steel  and  cast  iron  mixture  No.  9  (Code  D/Code  C) .  No  pitting 
occurred . 


d.  Effect  on  RM  70A  (silicone).  Except  for  a  very  slight  increase  in 
staining  on  some  of  the  metals  and  slight  etching  of  the  cast  iron  in  mixture 
No.  1  (RM  66-03/RM  70A) ,  this  fluid  was  not  effected  by  mixing  with  conventional 
fluids.  No  significant  weight  changes  occurred  in  any  of  the  metals. 
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e.  Effect  on  Code  A  (silicone).  This-  I  laid  siiowvd  '•eased  si  uinin.- 
on  several  metals  after  mixing  with  convent  i.ma  l  fluid.-. .  i  i.e  stain.,  vi-n-  not 
excessive.  The  brass  specimen  in  mixture  No.  2  (RJ1  bti-U'i/Code  A  /  appeared  la 
be  moderately  etched.  There  was  no  pitting  or  significant  changes  in  weight. 

f.  Effect  on  Code  B  (silicone).  Code  B  fluid  showed  increased,  but  not 
excessive  copper  staining  in  all  tests  involving  mixtures  of  this  fluid  and 
conventional  fluids.  Very  slight  etching  of  steel  (1  test)  and  cast  iron 

(1  test)  was  recorded.  No  significant  weight  changes  or  pitting  was  observed, 

g.  Effect  on  Code  C  (silicone).  Only  a  very  slight  increase  in  staining, 
and  no  etching,  no  significant  weight  change,  or  pitting  was  noted  in  any  of 
the  tests  involving  mixtures  of  Code  C  with  conventional  fluids. 


2.4  ANALYSIS 

a.  In  the  military  changeover  from  conventional  brake  fluids  to  silicone 
brake  fluid,  cost  effectiveness  studies  showed  that  a  retrofit  procedure  con¬ 
sisting  of  simply  draining,  bleeding,  and  filling  the  brake  system  was  the 
most  practical.  Studies  have  shown  that  this  retrofit  procedure  will  sometimes 
allow  retention  of  up  to  20%  residual  polyglycol  brake  fluid  in  the  brake  system. 

A  problem  exists  of  potential  metal  corrosion  in  systems  containing  large  quan¬ 
tities  of  residual  fluid.  Both  the  polyglycol  and  the  silicone  fluids  have  well 
balanced  corrosion  inhibitor  systems  built  into  their  formulas.  The  fluids 

are  immiscible  when  mixed;  however,  the  possibility  of  migration  of  additives 
could  occur,  which  would  upset  the  corrosion  inhibitor  balance  and  cause  corrosion. 

b.  The  fluids  for  inclusion  in  the  present  study  were  selected  as  being 
representative  of  all  combinations  which  would  be  found  in  the  military  vehicles 
after  retrofit.  The  polyglycol  brake  fluids  consisted  of  one  fluid  from  stock 
(M9309) ,  one  commercial  fluid  known  to  have  superior  corrosion  protection  addi¬ 
tives  (Code  D) ,  and  the  SAE  compatibility  fluid  (RM  66-03).  The  silicone  brake 
fluids  consisted  of  the  three  fluids  now  listed  on  the  QPL  for  reference  4  and 
the  SAE  silicone  compatibility  fluid  (RM  70A).  The  mixtures  which  were  tested 
(50/50)  should  represent  the  maximum  quantity  of  each  fluid  which  would  con¬ 
tribute  to  additive  interchange.  The  criteria  for  passing/failing  the  corr^ion 
tests  were  established  in  brake  fluid  specifications  after  years  of  study  and, 
thus,  are  valid  criteria  for  predicting  excessive  corrosion  resulting  from 
mixing  the  fluids. 

c.  Results  of  tests  conducted  show  that  there  will  be  no  excessive  cor¬ 
rosion  of  metals  in  brake  systems  caused  by  mixing  silicone  brake  fluids  and 
polyglycol  brake  fluids.  Instances  of  increased  staining,  slight  etching,  and 
weight  change  were  found,  showing  that  corrosion  inhibitor  migration  sometimes 
occurs.  The  loss  in  corrosion  protection  demonstrated  in  this  study,  however, 
will  not  be  sufficient  to  cause  brake  failure.  There  was  no  adverse  effect 

on  the  SBR  rubber  cups  which  are  included  in  the  test.  There  was  only  a  trace 
of  sediment  found  in  any  of  the  test  fluids  after  test. 
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TABLE  A-l.  INDIVIDUAL  BRAKE  FLUIDS 
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